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ABSTRACT 


The  work  carried  out  in  this  study  was  performed  by  Magnavox  Govern¬ 
ment  &  Industrial  Electronics  Company,  Electro-Optical  Systems,  in  accordance 

A 

with  the  requirments  of  contract  DAAB07-87-C-F018.  The  purpose  of  the  program 
was  to  conduct  studies  of  microcontroller/digital  VLSI  technologies  for  possible 
future  use  in  cryogenic  coolers. 

A  necessary  condition  that  any  electronic  approach  must  satisfy  in 
order  to  be  considered  for  linear  cooler  electronics  is  the  ability  to  work  in 
che  real  time  environment  of  100  kHz  or  higher  switching  speeds.  In  the  case  of 
the  existing  analog  design,  this  prerequisite  has  long  been  established  to 
achieve  practically  sized  line  filters.  Heretofore  this  speed  was  out  of  reach 
of  microprocessor  based,  controllers  since  the  state-of-the-art  was  somewhere  in 
the  neighborhood  of  8  to  10  kHz.  However,  a  new  device  on  the  market  has 
provided  the  necessary  Interface  hardware  to  bridge  this  gap.  This  advancement 
combined  with  the  advances  of  microcontrollers  in  terms  of  cost,  size,  and 
performance  suggested  that  an  investigation  of  the  microcontroller/digital 
approach  for  the  Magnavox  quarter  watt  cooler  electronics  be  performed. 


U0  INTRODUCTION 

The  work  carried  out  in  this  study  was  performed  by  Magnavox 
Government  &  Industrial  Electronics  Company,  Electro-Optical  Systems,  in 
accordance  with  the  requirments  of  contract  DAAB07-87-C-F018.  The  purpose  of 
the  program  was  to  conduct  studies  of  microcontroller/digital  VLSI  technologies 
for  possible  future  use  in  Magnavox  cryogenic  coolers. 
lel  MOTIVATION  FOR  MICROPROCESSOR/DIGITAL  CONTROL 

The  present  technology  used  for  Magnavox  cooler  linear  motor  control 
Is  based  on  an  analog  circuit  design.  The  diagram  shown  in  Figure  1  is 
representative  of  the  approach  to  meet  a  requirement  for  closed-loop  cold 
station  temperature  control.  Although  this  analog  design  functions  well,  there 
are  compelling  reasons  to  look  in  the  direction  of  microcontroller/digital 
electronics,  Figure  2,  for  future  designs. 

The  first  and  most  important  reason  is  potential  cost  savings.  The 
analog  approach  requires  hand  assembled  control  hybrids  with  expensive  laser 
trimming.  This  is  in  contrast  to  the  microcontroller  approach  that  utilizes  low 
cost,  mass  produced  IC's. 

A  second  potential  benefit  from  a  microcontroller  approach  is 
accuracy.  A  performance  advantage  is  achieved  in  maintaining  accurate 
temperature  control  of  the  detector  cold  station.  As  the  tolerance  on 
temperature  is  tightened  the  cost  for  accurate  trimming  of  the  analog  design 
increases  exponentially.  In  the  case  of  the  microcontroller,  accuracies  to  ±1°K 
are  easily  attainable.  Additionally,  long  term  thermal  drift,  and  component 
variability,  are  not  a  concern. 

There  are  advantages  in  flexibility.  Such  things  as  customer 
requirements  for  the  temperature  set  point  or  specialized  modes  of  operation  to 
conserve  power  can  be  satisfied  by  simple  changes  in  software.  New  drive  wave 
forms,  easily  generated  in  software,  could  have  a  favorable  impact  on  efficiency 
and/or  reduction  of  mechanical  vibration. 

1.2  SWITCHING  FREQUENCY 

With  these  advantages,  summarized  in  Table  1,  the  natural  question  is 
why  weren't  microcontroller  electronics  used  sooner?  The  answer  is  that  the 
volume  constraints  on  the  cooler  electronics  requires  that  the  swtiching 
frequency  of  the  power  amplifier  be  above  100  kHz.  As  the  frequency  is  reduced 
from  this  level  the  input  EMI  filter  components  tend  to  grow.  Since  they  just 
fit  now,  any  growth  would  mean  a  deterioration  in  the  performance  of  the  filter. 
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Table  1.  Relative  Comparison  of  Analog  Versus  Digital  Design 


Analog  Control 

Digital  Control 

Parts  Count 

High 

Low 

Flexibility 

Low 

High 

High  Volume  Cost 

High 

Low 

Low  Volume  Cost 

Low 

High 

Reliability 

Good 

Better 

Accuracy 

High 

High 

Specifically,  the  volume  available  in  the  cooler  for  the  electronics 
is  0.7  cubic  inches.  The  analog  package  as  it  is  currently  configured  just  fits 
into  this  volume  -  no  margin  for  expansion.  Of  that  volume  approximately  20X  is 
occupied  by  the  input  EMI  filters.  These  components  are  designed  for  the  100 
kHz  switching  frequency.  If  we  were  to  lower  the  frequency  by  a  decade,  the 
volume  occupied  by  the  filter  chokes  would  increase  by  approximately  50X  to 
maintain  the  same  impedance  level.  The  filter  capacitors  would  have  to  be 
increased  by  3  to  4  times  depending  on  ripple  considerations.  For  these 
reasons,  switching  frequencies  in  the  range  of  10  kHz  are  out  of  the  question. 

As  mentioned  previously,  until  recently  100  kHz  real  time  control  was 
out  of  reach  of  microcontroller  technology.  This  would  require  algorithmic 
execution  speeds  in  the  order  of  10  microseconds  which  is  out  of  reach  for 
present  day  microcontrollers.  However,  a  new  interface  PWM  chip  overcomes  this 
and  is  a  focus  of  attention  for  this  study. 

2.0  DESCRIPTION  OF  HARDWARE 

2.1  COMPUTER 

The  design  shown  in  Figure  2  represents  a  production  concept  for  the 
microcontroller/digital  electronics.  Note  that  this  is  closed  loop  on  both 
motor  voltage  and  cold  station  temperature.  To  achieve  this,  the  basic 
functions  of  the  microcontroller  are: 

1.  Get  the  appropriate  PWM  level  from  the  data  stored  in  memory. 

2.  Multiply  that  number  (thereby  changing  the  gain)  to  adjust  for 
variation  of  motor  voltage  from  command  set  point. 

3.  Multiply  a  second  time  (again  modifying  the  gain)  to  adjust  for 
variations  in  thermal  loading. 

4.  Write  to  the  digital  PWM  chip  the  appropriate  code  in  accordance  with 
the  above  calculation. 
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A  typical  microcontroller,  as  shown  in  Figure  3  is  a  single  chip 
microcomputer.  It  is  compatible  with  all  system  timing,  internal  logic,  ROM, 

RAM  and  I/O.  Although  it  is  not  obvious  in  Figure  2,  the  microcontroller  has  on 
board  the  required  A/D  converters  for  closed  loop  control. 

For  the  purpose  of  a  demonstration  it  was  convenient  to  use  a  "single 
board  computer"  (SBC)  to  simulate  functions  of  a  microcontroller.  The 
arrangement  shown  in  Figure  4,  used  an  Ampro  SBC,  with  the  Intel  80186 
microprocessor,  and  was  programmed  by  an  Applied  Microsystem,  ES  1800  Satellite 
Emulator.  This  provided  easy  manipulation  of  the  code  through  PL/M  on  the  PC. 

2.2  DIGITAL  PULSE  WIDTH  MODULATOR  (DPWM)  -  IXDP610 

The  ability  to  reach  switching  frequencies  greater  than  100  kHz  is 
achieved  by  the  IXDP610  Digital  Pulse  Width  Modulator  (DPWM)  chip.  This  chip  is 
a  major  breakthrough  in  high  frequency  motor  control  applications.  Without  it 
switching  would  be  limited  to  approximately  8  kHz.  Aa  discussed  previously, 
this  would  eliminate  consideration  of  the  microcontroller  approach. 

A  block  diagram  of  the  IXDP610  (DPWM)  is  shown  in  Figure  5.  The 
programmable,  CMOS,  LSI  device  receives  digital  pulse  width  data  (8  bits)  from 
the  microcontroller  and  generates  a  TTL  pulse  width  modulated  signal.  The  DPWM 
is  designed  for  direct  control  by  the  microcontroller.  Current  limiting  on  a 
cycle  by  cycle  basis  can  be  asserted  through  "Output  Disable  Logic"  (ODIS). 

2.3  TIMING  DIAGRAM 

The  timing  diagram  of  Figure  6  shows  the  digital  aspects  of  this 
topology.  Figure  2,  shows  that  the  master  clock  is  crystal  controlled  and  set 
at  16  MHz.  This  clock  signal  together  with  the  appropriate  input  to  the 
programmable  digital  PWM  controller,  sets  the  switching  frequency  as  follows: 

PWM  base  period  ■  Clock  Period  x  128 

8  Microsecond  (125  kHz)  ■  63  nanoseconds  (16  MHz)  x  128 

The  rate  at  which  the  CPU  strobes  through  the  look  up  table  is 
controlled  by  a  programable  counter  which  is  fed  by  an  external  125  kHz  signal. 
The  counter  is  set  to  count  25,  8  ys  counts  (  8  ys  x  25  *  200  pa).  Upon 
decrementing  to  a  0  count,  an  interrupt  is  pulled.  At  this  time  the  current 
value  is  taken  out  of  the  look  up  table,  outputted  to  a  port  and  the  table 
pointer  incremented.  This  data  is  outputted  to  the  IXDP610  latch.  With  the 
"Chip  Select"  low,  the  data  is  written  to  the  pulse  width  latch.  Under  the 
steady  state  mode  of  operation,  the  pulse  width  of  the  power  amplifier  is  fixed 
for  the  next  200  ys,  after  which  another  CS  pulse  will  allow  an  update. 

2.4  LEVEL  SHIFT  AND  POWER  AMPLIFIER 

With  a  TTL  pulse  width  modulation  signal  from  the  DPWM  chip,  the  next 
requirement  is  to  amplify  the  signal  and  drive  the  motor.  This  part  of  the 
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AGRAM  -  IXDP610 
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FIGURE  6.  Timing  Diagram 


wt  w'  wi  -  un  fv*  -#  ,vx  rji  ^  WTV 


design  is  common  to  both  the  analog  and  the  digital  approach  -  no  significant 
difference. 

3.0  DESCRIPTION  OF  SOFTWARE 

Algorithms  were  developed  to  implement  open  loop  control  of  the  cooler 
motor.  A  fixed  input  line  voltage  (24  Vdc)  was  assumed.  A  flowchart  of  this 
software  is  shown  in  Figure  7,  with  code,  as  developed  using  PL/M,  listed  in 
Appendix  I. 

Lookup  Table  (Table  2) 

For  the  demonstration,  the  function  of  the  computer  was  to  update  the 
DPWM  chip  with  an  8  bit  digital  input.  Basically,  by  means  of  the  lookup  table 
it  is  generating  a  digital  sine  wave  command  signal.  The  theory  behind  the 
development  of  the  lookup  table  is  very  basic. 

Analog  Sine  Wave:  V(t)  ■  Vm  x  sine  (2xPIxf)  x  k  x  d 
Vm  »  peak  motor  voltage  (14  volts) 
f  ■  motor  frequency  (54  Hz) 
v(t)  -  instantaneous  motor  voltage 
k  -  sample  point 
d  »  sampling  interval 

The  voltage  v(t)  is  the  sample  value  of  the  required  cooler  motor 
voltage  at  time  k  x  d.  The  sampling  interval  for  demonstration  was 
approximately  200  microseconds.  Therefore  the  sine  wave  is  approximated  by 
steps  that  change  every  200  microseconds,  or  94  steps. 

To  generate  the  table  therefore  only  the  first  half  of  the  sine  wave 
need  be  sampled  or  approximately  9.25  milliseconds  for  a  54  Hz  sine  wave.  The 
values  for  a  14  volt  peak  or  9.89  Vrms  sine  wave  are  listed  in  column  2  of  Table 
2.  The  relationship  between  these  voltage  levels  and  the  Pulse  Width  Modulator 
or  Duty  Cycle  signal  is  as  follows: 

v ( t )  -  (Ton/T)  x  Vin  -  PWM  x  Vin 

PWM  *  pulse  width  modulation  level  (range  0  -  1.0) 

T  "  switching  period 
Ton  »  on  time  of  power  switches 
Vin  »  line  voltage 

Since  we  were  operating  open  loop,  the  line  voltage  (Vin)  was  set  to 
be  constant  at  24  Vdc.  With  this  level  established,  the  corresponding  PWM 
levels  are  shown  in  column  3  of  Table  2.  These  levels  are  then  converted  to  the 
nearest  hexidecimal  number  as  listed  in  column  4  of  Table  2. 
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POINT 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 


VOLTS  (Vt) 


.9346235 

1.865077 

2.787209 

3.696905 

4.590107 

5.462829 

6.311178 

7.131367 

7.919739 

8.672775 

9.387114 

10.05957 

10.68715 

11.26704 

11.79666 

12.27365 

12.69588 

13.06146 

13.36876 

13.61642 

13.80333 

13.92864 

13.99181 

13.99256 

13.93087 

13.80703 

13.62159 

13.37537 

13.06947 

12.70526 

12.28436 

11.80866 

11.28026 

10.70154 

10.07507 

9.403646 

8.690269 

7.938118 

7.150549 

6.331073 

5.483353 

4.611168 

3.718409 

2.80906 

1.887177 

.9568709 


duty  cycle 

( PWM ) 


3 . 894265E-02 

7.771154E-02 

.1161337 

.1540377 

.1912545 

.2276179 

.2629657 

.2971403 

.3299891 

.  3613657 

.  3911298 

.4191488 

.4452979 

.46946 

.4915276 

.5114021 

.5289948 

. 5442274 

. 5570318 

.5673508 

.5751385 

.58036 

.5829922 

.5830233 

.5804531 

.575293 

.5675661 

.557307 

.5445611 

.5293858 

.5118484 

.4920273 

.4700109 

. 4458975 

.4197945 

.3918186 

. 3620946 

.3307549 

. 2979396 

.2637947 

.228473 

.192132 

.1549337 

. 1170441 

7 . 863237E-02 

3.986962E-02 


Table  2.  Look  Up  Table 


HEX  NO. 


QOOh 

00  Ah 

014h 

OlEh 

028h 

031h 

0  3Bh 

044h 

04Dh 

055h 

05Eh 

065h 

Q6Ch 

073h 

079h 

07Fh 

084h 

088h 

08Ch 

08Fh 

092h 

093h 

094h 

095h 

094h 

093h 

092h 

08Fh 

08Ch 

088h 

084h 

07Fh 

079h 

073h 

06Ch 

065h 

05Eh 

055h 

04Dh 

044h 

0  3Bh 

031h 

028h 

OlEh 

014h 

00  Ah 

000h 
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Note  that  on  page  7  of  the  code  listed  in  Appendix  I,  the  lookup  table 
is  listed  in  accordance  with  Table  2.  We  emphasize  again  that  this  table  is 
correct  for  24  Vdc  line  voltage  only  and  that  in  a  final  design  will  have  to  be 
scaled  to  accommodate  a  changing  input  line. 

In  addition  to  the  lookup  table,  for  the  demonstration  to  be 
successfully  implemented,  algorithms  were  developed  for  the  following  functions: 

1.  Initialize  Processor 

2.  Initialize  Counter  #1  -  this  counter  controls  the  lookup  table  pointer 
-  counts  pulses  at  a  125  kHz  clock  and  increments  evey  25  counts 

3.  Initialize  PWM  chip  (IXDP610)  i.e.,  deadtime  set,  lock  bit  off,  8  bit 
resolution. 

4.0  SURVEY  OF  MICROCONTROLLERS 

The  heart  of  the  microcontroller/digital  approach  to  the  motor  driver 
electronics  is  the  microcontroller.  From  the  conception  of  the  microprocessor 
in  1974  there  have  been  many  advancements  in  the  VLSI  technology  of  micropro¬ 
cessors.  Improvements  have  steadily  been  made  in  performance  such  as  processor 
speed,  bus  size  and  power  consumption.  However,  probably  most  startling  of  all 
was  the  advancements  in  the  ability  of  the  IC  manufacturers  to  pack  more 
functions  into  a  given  area  of  substrate.  It  was  the  improvements  made  in  the 
small  size  of  the  substrate  that  has  made  the  evolution  of  the  microcontroller 
possible. 

A  microcontroller  differs  from  a  microprocessor  in  that  it  is  a  self 
contained  computer.  Unlike  a  microprocesor  it  needs  no  support  chips,  and  in 
fact,  packs  more  function  in  the  form  of  A/D  converter,  UART  serial  communica¬ 
tion,  interrupt  controls  and  I/O.  For  these  reasons  Magnavox  believes  chat  a 
microcontroller  is  a  natural  progression  for  the  next  generation  cooler 
electronics. 

The  major  manufacturers  of  microcontrollers  are:  Intel,  Motorola, 
National  and  Texas  Instruments.  Table  3,  is  a  matrix  that  compares  the  existing 
microcontrollers  and  provide  some  of  the  primary  features  that  relate  to  the 
cooler  application.  It  should  be  pointed  out  that  these  features  are  as  they 
exist  at  the  time  of  this  writing  and  because  of  the  rapidly  changing  technology 
they  would  have  to  be  reexamined  again  at  the  time  of  a  design  effort. 
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5.0 

5.1 


SELECTION  OF  SWITCHING  FREQUENCY 
VOLUME  CONSTRAINT 


The  reason  for  Che  popularity  of  a  PWM  SWITCHMODE  power  driver  is  that 
this  approach  is  very  efficient.  The  theory  behind  this  is  that  in  the  ideal, 
there  are  only  two  states  for  the  switching  devices  -  "on"  and  "off".  In  the 
"on"  state  we  assume  no  voltage  drop  across  the  device  and  in  the  "off"  state. 


no  current  flow, 
power  amplifier. 


Therefore,  in  the  ideal  case  no  power  is  dissipated  in  the 
However,  looking  at  the  real  device,  there  is  a  finite  voltage 


drop  when  the  device  is  "on"  and  a  finite  current  when  the  device  is  "off". 
Furthermore  there  are  switching  losses  when  the  devices  change  state.  These 
losses  increase  with  frequency. 

This  implies  that  from  an  efficiency  point  of  view,  it  is  best  to  keep 
the  power  amplifier  switching  frequency  as  low  as  possible.  However,  for  the 
cooler  electronics  an  overriding  consideration  is  volume.  For  that  reason,  and 
as  discussed  earlier,  the  switching  frequency  must  be  above  100  kHz.  Speci¬ 
fically,  the  size  of  the  EMI  components  are  frequency  dependent  and  at 
frequencies  much  below  100  kHz,  they  do  not  fit. 

5.2  DIGITAL  HARDWARE  CONSTRAINT 

With  the  approach  described  we  have  hardware  that  can  potentially 
switch  up  to  200  kHz.  However,  due  to  the  requirements  of  the  counters  we  have 
a  practical  constraint  to  choose  frequencies  that  are  divided  by  two,  submulti¬ 
ples  of  the  16  MHz  clock.  This  breaks  down  to  frequency  choices  of  125  kHz, 

62.5  kHz  and  31.25  kHz.  A  frequency  of  125  kHz  was  selected  in  accordance  with 
the  100  kHz  limitation  described  above. 

5.3  THE  SELECTION 

At  the  present  time  125  kHz  is  the  best  estimate  of  the  optimum  switch¬ 
ing  frequency.  In  future  design  efforts  we  would  not  expect  any  new  inputs  that 
would  cause  significant  deviation  from  this  frequency  choice.  However,  the 
number  of  switching  levels  that  go  into  the  sine  wave  may  vary  since  this  number 
may  influence  the  vibration  profile  of  the  cooler. 

6.0  SUMMARY 

The  work  carried  out  in  this  study  was  performed  by  Magnavox 
Government  &  Industrial  Electronics  Company,  Electro-Optical  Systems,  in 
accordance  with  the  requirments  of  contract  DAAB07-87-C-F018.  The  purpose  of 
the  program  was  to  conduct  studies  of  microcontroller/digital  VLSI  technologies 
for  possible  future  use  in  Magnavox  cryogenic  coolers.  In  pursuit  of  this 
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objective,  the  following  specific  tasks  were  required  of  the  study: 

Task  No.  1:  Study  of  Single  Chip  Microcomputers 

Task  No.  2:  Determine  Optimum  Pulse  Width  Modulation  Frequency 

Task  No.  3:  Develop  Algorithms 

Although  the  scope  of  this  study  was  initially  conceived  to  be  a  white 
paper  report/study  only,  Magnavox  has  taken  the  initiative  to  implement  the 
basic  concepts  with  a  hardware  demonstration.  That  is,  a  microcontroller  was 
simulated  using  an  Intel  80186  microprocessor  and  configured  to  drive  an  operat¬ 
ing  cooler.  This  clearly  substantiates  the  microcontroller/digital  approach  and 
is  planned  as  a  demonstration  for  cognizant  CNVEO  personnel. 

7.0  RECOMMENDATIONS  FOR  FURTHER  STUDY 

Based  on  the  positive  findings  of  this  research  effort  it  is  recom¬ 
mended  chat  additional  funding  be  provided  to  implement  a  high  switching 
frequency  microprocessor/digital  design  program  to  further  refine  the  cooler 
electronics.  Specific  tasks  recommended  for  investigation  include: 

1.  Investigation  of  nonsinusoidal  motor  voltage  drive  waveforms.  This 
would  be  implemented  by  appropriate  changes  in  the  software.  The 
potential  benefits  from  this  investigation  would  be  lower  vibration 
levels  and  increased  operating  efficiency  of  the  cooler. 

2.  Investigate  "SMART"  cooler  electronics.  Self  calibration,  self  test 
and  diagnostics  are  a  few  of  the  possibilities  to  be  explored. 

3.  Develop  optimum  stepped  sinusoidal  waveform.  This  will  require  care¬ 
ful  analysis  before  establishing  a  firm  number  for  the  design. 

4.  Explore  use  of  feedback  signals  representing  the  working  gas  tempera¬ 
ture  or  pressure.  Determine  the  effects  of  these  signals  on  cooler 
performance,  i.e.,  stability  of  temperature  set  point,  efficiency  and 
vibration. 
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IBH  PC-OQS  PL/lt-86  V2.3  COHPILATION  OF  NODULE  INT186 
OBJECT  NODULE  PLACED  IN  INT1B6.0BJ 

CQHPILER  INVOKED  BY:  PLN86  INTI36.PLH  DEBUS  (REF  CODE  N0D136 


1  [NTt86: 

00! 

2  1  DECLARE  FLA6  BYTE  EXTERNAL*. 

/ItlHItHHHHHtHtHHKMHttKHHHHtllHHHHIiHIHHIHIH 
STARTING  OF  INITIALI2TI0N  OF  API186*  AND  2681  QUART’S 
UNCS  is  initialized  in  ase  proqrae  STRTSES  at  OFFFOh 

4**«**4**»»4t»»**»»*»*»»*t**4a44444«*«**4444444*4«4t44444»*4***t*44444/ 


3  1  Declare 

LRCS.RE6  literally  ’0FFA2h’,  /»  Chip  select  register  locations*/ 

PACS'REG  literally  ’OFFAAh’ , 

HPCS.RE6  literally  ’0FFA8h’» 

NLQC.REG  literally  ’QFFAGh’J 

a  1  Declare  /*  Tiaer  control  registers  locations*/ 

t2eode_req  literally  ’0FF66h’,  /»  Tiaar  2  eode  control  nord  •/ 

t2eaia.reg  literally  !0FF62h’(  /*  Tiaer  2  ux  counter  A  •/ 

t2count.req  literally  ’0FF60h’,  /a  Tiaer  2  counter  register  4/ 

tlaode  reg  literally  ’0FF5Eh’, 

tlaaxB.reg  literally  ’0FF5CH’, 

tleaxA.reg  literally  ’0FF5Ah’, 

tlcount.req  literally  ’0FF5Bh\ 

tOeode.reg  literally  ’0FF36h’, 

tOeaxB.req  literally  ’OFF3Ah’, 

tOeaxA.reg  literally  ’0FF32h’, 

tOcount.reg  literally  ’0FF30h’f 

tieer.iiit  literally  ’0FF32h’5 

3  1  Declare  /»  ORA  control  registers  locations  ♦/ 

deaO.cntrl.reg  literally  ’OFFCAk’.  /*DHA  channel  0  control  word  »/ 

daaO.count.reg  literally  ’OFFCSh’,  /*0HA  channel  0  transfer  counter*/ 

deaO.dest.H.req  literally  ’OFFCGh’t  /♦ DNA  channel  0  destination  high  ptr «/ 

deaO.dest_L.reg  literally  'OFFCAh’i  /*0IM  channel  0  destination  lo«  ptr  */ 

deaO.src_H.reg  literally  ’0FFC2h’i  /»DHA  channel  0  source  high  pointer  */ 

deaO.src.L.reg  literally  ’OFFCOh’.  /»0HA  channel  0  source  !*•  printer  »/ 

deal.cntrl.reg  literally  ’OFFDAh’, 
deal.count.reg  literally  ’0FFD8h’> 
deal.dest_H.reg  literally  ’0FFD6h’, 
deal.dest_L.reg  literally  ’OFFDAh’. 
deal.src.H.reg  literally  ’0FFD2h\ 
deal.src.L.reg  literally  'OFFDOh’i 

6  1  Declare 

tOeode  literally  ’0C003h’, 

tleode  literally  '0E005h\ 

t2eode  literally  ’OCOOlh’,  /*  en»/inh!count  true  */ 

claode  literally  ’OlAFTh'; 


/♦- 


set  up  for  FACS  chip  setect 


»/ 


... ... ., ..... 
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Did  art 

NCS.SIZE  literally  ’OOSFh’t  /He *  sizi  ji  O0.prograaed  only  to  set  */ 

/*  peripheral  tap  to  I/O  space  &  Al-Ac  not*/ 

I*  latch* d.»/ 

PACS.LQC  literally  ’0l30h”,  /♦  piriphiral  chip  select  bast  addr  *  1000h*/ 
/•  on*  wait  statu  for  pacsO-3;  3-iait  for  A-6*/ 
/«  external  ready  ignored  for  ail  pacs’s  «/ 


end  of  equates 


initl86:  PROCEDURE  PUBLIC; 

OutiorddfPCS.RESI  *flCS_SIZE»  /emit  udranqe  block  sue  */ 
OutiordlPACS.RES)  -PACS.LOC;  /Unit  peripheral  chip  select  *1 


set  up  tiae  2  for  DM  refresh 


0ut»ord(t2eod*.RE6)  *t2aode!  /*ti«er  2  set  for  PM  refresh  #/ 
Qut»ord(t2«axA.R£SI  *320;  /etiacr  2  set  for  16  u/s  rat  */ 
0utwrd(t2count.RE6)  *00h? 


i - set  up  ties  t  for  count inq  200us - 

/»  Counter-1  is  set  up  to  count  25  125khz  Pulses  then  start  a 
interrupt  for  a  count  of  200us  *1 


Outiorditiaer.int)  *  0000; 
Outwrdltliode.RES)  *tliod*; 
Outiord(tloaxA.REG)  *019h;  /•  25  counts  */ 

0utmrd(tliaiB*RE8)  *00000h; 
Outeord(tlcount.RES)  *00h; 


I* - set  up  DM  CHANNEL  l  for  RAN  refresh - 

i*  DHA  is  prograaMd  for  a  i*aory-to-I/0  transfer,  with  iritis 
to  nonexistent  I/O  space.  The  DIM  is  prograaaed  to  continuously 
run  through  the  entire  aegabyte  of  senory  at  lord  transfers  »/ 


OutMrd(deal.dest.H.rcq)  *0fFh; 

Outeordldial.dest.L.reg)  *QFFh; 

Qutiordldaat.src.H.regt  *00h; 

QuUordldaal.src.L.reg)  *00h; 

Outnordldeal.cntrl.regl  *claode!  I*  dost, ace, no  inc/dec  ♦/ 

/*  source* I /O.inc  ;off-tc-int  ♦/ 

/*  SYN-u  nused;  on-P-TDRQ-CH6-ST-iord  *1 


END!  I*  INI T 186  PROC  *1 


SETUP  PROCEDURE  OF  T.i£  2681  QUART  UTILITY 


INIT.261B: 
PROCEDURE  PUBLIC; 


r,v.yLAV.-/J 
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44  3 

*7  3 

48  3 


49  3 


50  3 

51  3 

52  3 

53  3 

59  2 


OUTPUT! COHNAND.il*  15H)  /♦  ENABLE  R*  and  TI  •/ 

OUTPUT (COUT.CONTROU*  04H; 

FLA6  *  0!  /»  sit  char  flaq  to  no  character  §/ 

/t - SET  UP  FOR  Until  CONTROL  RES  - .  */ 

OUTPUT (OlSOOh )  *  080h) 

/♦  - . SET  UP  OUART  TIMER  . ♦/ 

It  OUART  Titer  sot  to  output  I25khz  this  is  acheved  by  takeinq  tht  8«h: 
systea  dock  and  devidinq  it  by  8  Tor  a  1  Hhz  dock  into  the  OUART  titer 
their  it  is  devided  by  8  for  a  output  of  I25khz  */ 


OUTPUT! AUI  CONTROL. 0 1 *090h;  /'*  NODE  SET  FOR  EITERNAL  (IP2)  ♦/ 
OUTPUT (COUNT  UPPERS))*  UPPER.COUNTi  It  UPPER. COUNT)  »/ 
OUTPUT ( COUNT  \tJNER *0 ) *  LONER.COUNT I  It  LONER. COUNT)  #  2  *  8  */ 


- - - 

END)  It  SETUP  ♦/ 

END  INIT  2618)  It  init  2418  duart  ♦/ 


55  1 


ENO  INT184) 
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156  2 


END  6ETCHS 


157  l 


PUN  SET  UP 


/♦  thu  function  it  used  to  prograe  th«  IXYS  HDP610  Digital  Pulse  Width 
Nodulator  to  the  fo»mq  operating  control  byte 
SETUP  PUN:  PROCEDURE  PUBLICS 


158  2 

15?  2 

ISO  2 


DECLARE  SET.PORT  ADDRESS! 

DECLARE  CONTROL.LATCH  literally  * I302t»’ ; 
DECLARE  (CONTROL  8YTE,  PUN  BYTE)  WORD; 


/«  BYTE;#/ 


PUN.CONTROL.BYTE 

7-6-5-4-3-2-1-0 

0-0-0 


Dead  tiu  (0) 

Not  Utod 
Lock  Bit  (off) 

Divide  Bit  (no  division) 
Resolution  Bit  (8-iiit) 

Stop  Bit  (output  enabled) 


161 

2 

SET.PORT  *  05 

162 

2 

CONTROL. BYTE  »  OcOH; 

/*  set  the  control  byte 

»/ 

163 

2 

SET  PORT  *  CONTROL.LATCH} 

/#  Set  address  of  control  port  #/ 

164 

2 

OUTPUT  (SET.PORT)  *  CQNTROL.BYTEl 

/*  output  coutrol  byte 

♦/ 

165 

2 

COUNT l  »  OS 

/*  clear  counter-0  to  tero 

#/ 

166 

2 

C0UNT2  1  l;  /»  set  counter-l 

to  l  mteh  brings  the  cs  in  line 

#/ 

167 

3 

ENO  SETUP.PWN; 

168  1 


16?  2 

170  2 

171  2 

172  2 

173  2 

174  2 


,'SSS#t##t#t####*###*####l##f  ##♦##################♦###♦#♦♦##♦♦#######♦###♦*#**/ 

/♦  PUN.UP  DATE  */ 

/»♦« - - - - ♦«#/ 

i*  This  procedure  is  interrupt  driven  by  Tieer  l  Mich  is  used  to  count  a  »/ 

«  125kh:  8a/s  signal  it  is  this  tieing  that  sett  «hen  the  interrupt  #/ 

/«  is  to  occur  *1 

,lt*t**«*S*«t«*t*#«*«««H<e«f4f«4««e4*«t*#4**«t**#t##*#tt#**#*t»*****»**##*##( 
UPDATE  PUN  INT; 

PROCEDURE  INTERRUPT  18  PU1LICS 

DECLARE  PU.LATCH  literally  *  1300h’ ;  /♦  address  of  pea  latch  «/ 

OECLARE  EOI.RES1STER  literally  ?0FF22h’;  /*  End  Of  Interrupt  resets  IS#/ 


DECLARE  PUN .DATA  WORD; 

OECLARE  HIGH  WORD  DATA  <0200* IS 
DECLARE  LOU  UORO  DATA  (0); 
DECLARE  LEVEL  UORD; 


/»  set  bit  ?  to  one  */ 
/*  set  bit  ?  to  :ero  «/ 


OECLARE  PUN. TABLE  (#1  UORD  DATA 
'0OOh,0OAM14h.01Eh.928h,O3lh,038h.044h,040h,O55h, 
05Eh.065h.06Ch.073h,07?h,07Fh,084h.088h.08Ch.OaFh, 
0?2h . 0?3h . 0?nh ,0?5h . 0?4h . 0?3h , 092h . 08Fh . OGCh , 088h , 
■jSvh ,  07?  h  1 0"?h .  073h  >  06Ch  >  065h  1 05Eh  i055h  .OADh  ■  044h . 
•i  38h .  3 1  h ,  029h ,  0 1  Eh ,  0 1 4h .  OOAh .  OOOh  i ; 
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176  2 

177  2 

178  2 

177  2 

130  2 

131  2 

132  2 

183  2 

186  2 
183  2 

136  2 

187  2 

188  2 

187  2 


170  1 

171  2 

172  2 


173  1 

174  2 

175  2 
1°6  1 


LEVEL  *  00; 

IF  COUNT l  *  47  THEN  /♦  is  counter-1  it  senter  of  33  h:  »/ 

C0UNT1  *  OS  /*  Reset  counter  it  end  of  table  */ 

IF  COUNTS  :*  47  THEN  >*  if  counter-2  <t  senter  of  33  h i  */ 

LEVEL  *  HISHi  /»  than  sat  bit  7  hiqh  »/ 

ELSE  I*  als*  countar-2  is  sat  to  lo»  side*/ 

LEVEL  *  LONS  /*  of  346:  set  bit  7  to  lo«  a/ 

IF  C0UNT2  *  <?4  THEN 

C0UNT2  »  Oi  /»  reset  counttr-2  at  end  of  33Hz  cycle  */ 

PNHJATA  *  LEVEL  OR  PNN. TABLE  (COUNTli;  /*  add  level  and  date  a / 

'OUTNORD  'PH.LATCH)  *  PNHJATAi  i*  output  data  and  level 

COUNT  1  *  COUNT 1  Mi  /*  update  counter  1  »/ 

C0UNT2  *  COUNTS  ♦  li  /*  update  counter  2  a/ 


OUTNORD (EO I  REGISTER)  *  SOOOh; 


/a  End  Of  Interrupt  resets  a/ 


END  UPDATE  PNN  [NT; 


STOP:  PROCEDURE  PUBLIC; 

HALT! 

END  STOP! 

MAIN: 

00; 

HALT; 

END; 

END  MAIN  ROUTINE! 


